indirect ELISA with CAP as the competitor. The hybridomas that excreted antibodies specific to CAP were subcloned twice with the limiting dilution method. A stable hybridoma cell producing antibodies with the highest binding capacity and sensitivity to CAP was selected, and cloned to 0.5 cells/well by limit dilution. The cultured hybridoma cells (5 × 10 6 cell) were injected intraperitoneally into the mice to produce monoclonal antibody in the ascites fluid. Immunoglobulin was prepared from the ascites fluid of each mouse.
Sample preparation
A stock solution of CAP (1 mg g -1 ) was prepared in methanol. The stock solution was stable at least 3 months when stored at 4˚C. The working solutions were prepared daily in deionized water.
Healthy fish (Nile tilapias) were produced with feeds without using any CAP on our school laboratory farm. When they were slaughtered, their meat tissues were taken out separately, and fat, skin, and bones were discards. Each fish (100 -200 g) was cut into pieces and treated in a household mixing machine and then preserved in an airtight container at -20˚C.
Into a glass (25 mL) finely chopped fish muscle (2.5 g) was weighed and acetonitrile (7.5 mL) was added; the mixture was spiked with appropriate concentrations of CAP when necessary. The samples were homogenized for 30 s and then 1 M of HCl (2.5 mL) was added. Petroleum ether (5 mL) was added and the samples were mixed using an end-over-end mixer for 15 min, followed by centrifugation at 3450g for 10 min. The ether layer was discarded and the liquid phase was decanted into a glass test-tube and reduced to approximately 5 mL under a gentle stream of nitrogen on a Driblock and sample concentrator at 100˚C. The reduction took approximately 20 min. The supernatant was transferred to a clean test-tube and NaOH (5 M, 3 mL) was added. Dichloromethane (10 mL) was then added and the samples were mixed using a mixer for 15 min, followed by centrifugation at 3450g for 10 min. The extracts were passed through phase separation columns (6 mL) and the dichloromethane layer was collected in clean test tubes. This layer was evaporated to dryness (approx. 10 min) under nitrogen, using a Driblock and sample concentrator at 80˚C, resuspended in ethanol (250 μL) and vortexed for 15 s, and the dry residues were dissolved in 200 μL of phosphate buffer at pH 7.4 for analysis.
Cross-reactivity with other antibiotics
Cross-reactivity of the antibody with other antibiotics (streptomycin, tetracycline, Terramycin, penicillin, and erythromycin) was determined by competitive direct ELISA as described below. B/B0 value of 50% (CR50) was calculated as described previously. 17 
ELISA procedure
An automated StripWasher EL×50TM from Bio-Tech Instruments (Vermont, USA) was used for washing microtiter plates. All ELISA experiments were performed in sterile 96-well Maxisorp microplates (Nunc, Roskilde, Denmark) and the absorbance was measured with an EIA iEMS Reader and Software Genesis 3.04 (Labsystems MF, Helsinki, Finland). Milli-hyphen Q equipment for water purification was obtained from Millipore Corp. (Bedford, USA). Competitive direct ELISA was developed according to the previous report. 16 To prepare the calibration curves of CAP in the sample, we used CAP stock standard solutions (1000 μg g -1 ) that were prepared by dissolving CAP in the sample. The recoveries of CAP from the spiked sample were calculated based on the standard curves constructed by competitive direct ELISA. The limits of detection were determined as the mean background levels +3 × SD (n = 6).
Immunochromatographic assay
Gold markers have the characteristics of binding proteins noncovalently without changing their bioactivity. This adsorption leads to the formation of a "protein-gold complex". 18, 19 The pH of the colloidal gold solution for anti-CAP monoclonal antibody conjugation was adjusted to pH 9.0 with 0.1 M K2CO3. Before conjugation, the optimal concentration of antibody for conjugation was determined. With gentle stirring, 2.4 mL of purified anti-CAP antibody (0.4 mg mL -1 ) was added drop by drop to l00 mL of pH-adjusted colloidal gold solution. After over night incubation at 4˚C, the mixture was centrifuged at 6000g, 4˚C for 30 min, and the pellets were resuspended in 10 mL conjugate storage buffer (2 mM sodium borate containing 0.1% BSA and 0.1% sodium azide, pH 7.2) and the solution was diluted for use.
Nitrocellulose membrane, which carried a positive electric charge, was cut into sections (2.5 × 0.5 cm). Each test line was coated with CAP hapten conjugate, which was applied to each membrane in a volume of l μL containing l μg CAP hapten conjugate with Camag Linomat 5 automatic TLC (thin-layer chromatography) sampler (CAMAG, Muttenz, Switzerland). The control line was coated with 0.5 μL of goat anti-mouse IgG diluted 1:50 in PBS buffer (pH 7.2). The distance between the test line and control line was 2 mm. The test strips were dried at 37˚C for 30 min. The remaining protein binding sites of the membrane were blocked by immersing the strips in PBS containing 1% BSA at 37˚C for 30 min. The test strips were washed and dried, and the coated test strips were stored in a desiccator at 4˚C.
Each test strip was pasted onto a plastic backing with adhesive. Dried filter paper acted as an absorbent pad. Ninety microliters of CAP standards in 5% methanol (prepared in PBS-0.05% Tween) were mixed with 30 μL of gold-antibody conjugate; after incubation for 5 min, 50 μL of the mixture of gold-antibody and sample containing CAP were pipetted into the bottom of the strip (sample application site). After the liquid reagent migrated towards the test line, different intensity of color on the test line can be observed by eye. The color of the test line was compared with the test line of the negative control strip (without CAP).
Determination of real samples by LC/MS/MS
The LC/MS/MS system included Varian 1200L MS/MS detector with an ESI source, Varian ProStar 430 AutoSampler and Varian ProStar 210 Solvent Delivery Modules (Varian, Walnut Creek, CA). The detector was tuned by infusing a polypropyleneglycol solution at a rate of 20 μL min -1 , using a syringe pump, and optimized with a standard solution of CAP (0.1 mg g -1 in methanol/water 50:50 (v/v), containing 10 mmol L -1 of formic acid). The separation was completed by using a Varian Pursuit column (5 μm C18, 150 × 3 mm) in combination with a Varian MetaGuard precolumn. The mobile phase consisted of 0.1% formic acid in water (mobile phase A) and 0.1% formic acid in acetonitrile (mobile phase B). Gradient elution was performed (0 -3 min, 5% B; 3.5 -6 min, 70% B; 6.5 -15 min, 5% B) at a flow rate of 0.3 mL min -1 . The temperature of the autosampler and the column was 23 ± 2˚C.
These mass spectrometer conditions were used for CAP and CAP-D5: needle, 3600 V; shield, 600 V; capillary, 76 V; nebulizing gas, 50 psi; drying gas, 30 psi, 300˚C; collision gas, 
Results and Discussion

Cross reactivity
The purified CAP monoclonal antibody did not show crossreactivity with other antibiotics, indicating that the monoclonal antibody is highly specific for CAP (as shown in Table 1 ). The specificity of the antibody can be explained by the differences in the molecular structure of the antibiotics. CAP is one of the amphenicols, and tetracycline and Terramycin are two of the tetracyclines. Streptomycin is an aminoglycoside, penicillin is one of the β-lactams, and erythromycin is one of the macrolides. These structural differences enable each antibody to recognize its own specific antigen. The main metabolites of CAP included free chloramphenicol and its glucuronide. The latter was innocuous and inactive. 20 The CR of the metabolites will be studied in the next step.
Determination by ELISA
To determine the detection limits of CAP in sample, we constructed the standard curve of CAP by competitive direct ELISA. Based on the curve, 50% of the B/B0 ratio was 55 ng g -1 . Background levels determined in the samples are summarized. The mean background was 2.03 ng g -1 and the standard deviation was 0.41 ng g -1 . The limit of detection was 3.26 ng g -1 . Recoveries of CAP spiked with different concentrations of CAP (50, 100, and 200 ng g -1 ), as determined by competitive direct ELISA based on the values obtained from the standard curves, were 103, 97, and 96%, respectively.
Determination of immunochromatographic assay results
The assay is designed such that if there is no CAP present in the test, the gold-antibody will accumulate on the nitrocellulose membrane where the particles are trapped by the immobilized CAP hapten conjugate while liquid flows through the test strip. For samples containing CAP residues, the binding sites on the specific antibody molecules will be occupied first by CAP, leaving fewer binding sites for CAP hapten-OVA conjugate on the membrane. Consequently, less colloidal gold-labeled antibody will remain at the hapten-OVA location on the nitrocellulose membrane. Thus, the degree of intensity of goldcolor of the test line is the reverse of the concentration of CAP in the sample and the visual result is immediately observable. A schematic description of the immunochromatographic assay is illustrated in Fig. 1 .
The test result was judged visually. The goat anti-mouse IgG and CAP hapten-OVA conjugate were separately spotted onto the control line (C) and test line (T). If there was no color present in control line, the test could be considered as invalid. The antibody-gold conjugate could react with CAP in sample firstly, then the remaining antibody-gold conjugate would bind with hapten-OVA conjugate that was located at the test line on the membrane. As the developed assay is a competitive assay, the intensity of color of test line is inversely correlated to the concentration of CAP in the original. Test lines were also scanned with a BioDot TSR3000 Membrane Strip Reader (BioDot, CA, USA).
Detection limit of CAP test strip
The main purpose of the assay was to allow visual evaluation; thus, it was only used as a qualitative assay to detect contamination at a threshold level. For this, the color intensity of the test line must be high enough to be seen and to enable observation of differences in color intensity between negative control and samples. For this purpose, various parameter settings were tested to determine the (i) optimal immobilization concentration of CAP hapten-OVA conjugate (1.0, 2.5, 5.0 μg), (ii) optimal ratio of gold-antibody conjugate and CAP (1:1, 1:2, 1:3), and (iii) optimal incubation time (1, 5, 10 min). Optimal immunoreagent concentration was selected as a clear color appearing in the negative control with the shortest time, when comparisons of the intensities of color among samples and control could be easily distinguished by eye. The optimal conditions for colloidal gold immunochromatographic assay were as follows: CAP hapten-OVA coated on the membrane at l μg/strip; gold-antibody conjugate and CAP in the ratio of 1:3 and incubation time of 5 min. A CAP solution (5 ng g -1 ) caused a slight but distinguishable difference compared to the negative control for immunoreagent colloidal gold assay. Thus, 5 ng g -1 of CAP was considered to be a detection limit for this assay. The typical standard curve of CAP was constructed by goldbased immunochromatographic assay as shown on Fig. 2 .
Reliability
The reliability of the assay was determined by carrying out the test with the uncontaminated samples spiked with CAP concentrations at 1, 5, 10, 20, 50 ng g -1 and analyzed by goldbased immunochromatographic assay. The results are shown in Table 2 . The recovery of 1 and 5 ng g -1 CAP spiked to the samples exceeded 120% and CV were more than 12%. Between 10 and 50 ng g -1 level, the recovery of CAP spiked to the samples were found to be less than 100% and CV to be less than 10%. Results indicated that the limit of detection was 10 ng g -1 for detecting the CAP spiked in aquaculture tissue samples. We also tested the uncontaminated samples spiked 1283 ANALYTICAL SCIENCES NOVEMBER 2007, VOL. 23 A field analysis of 36 aquaculture tissues using the rapid colloidal gold-based immunochromatographic assay resulted in all 36 aquaculture tissues being judged negative (the content of CAP was less than 10 ng g -1 ). The confirmation step with the LC/MS/MS analysis also resulted in negative aquaculture tissues. This means that neither false negative nor false positive results were obtained in the survey. The assay process was very simple and easy to use. The whole analysis of colloidal goldbased immunochromatographic assay was completed in less than 5 min, whereas LC/MS/MS takes several hours.
Conclusions
The major advantages of the one step strip test were that results could be obtained within 5 min and that all needed reagents were included in the strip. The strips could be used to detect the CAP residue in spots. The interpretation of the result was visual and it was found that these assays could be used as convenient qualitative tools for the rapid screening of CAP residues in aquaculture tissue samples. The method provides only a preliminary, semi-quantitative result. The result could be used to judge whether the CAP concentration remaining in the sample was higher than the detection limit or not.
The method producing the one-step strip for CAP could be used for reference in the development of one-step strips for the detection of other anabolic steroid residues.
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The peak ROD values were measured by BioDot TSR3000 membrane strip reader. Each value shows the mean ± SD. Recovery ± SD, % SD, standard deviation; CV, coefficient of variation. 
